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Abstract
Introduction: Volatile organic compounds (VOCs) can be found in tightly sealed environments
(office buildings or spacecraft). Exposure to VOCs is associated with acute and chronic human
health effects.
Purpose: To determine the levels of volatile organic compounds including formaldehyde, in the
ground-based simulated spacecraft cabin and compare two analysis methods GC/MS using
EPA/TO-15 and GC/Gerstel Thermal Desorption System (GTDP) after a chemical cocktail
injection.
Methods:

The chamber has a volume of 90.6 m3 and is 14 ft in diameter and 23 ft in length. It

has steel construction with bare metal inside. Two badges were placed in the chamber, 50” and
70” from floor for 16 hours and 45 minutes. One hour after badges were placed, 0.87 ml
chemical cocktail was injected into chamber, followed by continuous 1 ml/min injection.
Results: The level of VOCs using EPA method TO-15 were: Ethanol (0.996 ppm), Acetone
(0.024 ppm), Isopropanol (0.111 ppm), and Methylene Chloride (0.038 ppm). In comparison,
(GTDP) results showed: Ethanol (1.91 ppm), Acetone (0.19 ppm), Isopropanol (0.10 ppm), and
Dichloromethane (0.01 ppm).
Conclusion: A variance between each set of data analyses was found that could be due to: the
exposure time of the dosimeter badges, the sorbent material that is used in the badges may not
have worked well for some chemicals, or the badges did not see stagnant air while in the
chamber.
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Introduction
Astronauts face many acute risks during space travel; however, when they return to earth,
a lifetime risk for late effects ranging from cancer to cataracts exists (Cucinotta et al., 2001). The
hypothesis guiding this study is that exposure to Volatile organic compounds (VOCs) can be
contributing to this increased risk. Space crew modules are now being composed of composite
materials (Kirsch, 2013). Composites contain a variety of substances like carbon fiber reinforced
epoxy based materials (Coffey & Henery, 2008). These materials are advanced composites of
polymeric matrix (epoxy, bismaleimide, phenolic) reinforced with high-modulus or high-strength
carbon fibers and are the most frequently used because of their thermal, chemical, mechanical
and corrosion resistances (Matthews & Rawlings, 1999). As a result of its make-up, fiberreinforced polymer matrix composites emit VOCs (Tomasso, Gombos, Summerscales, 2014).
Volatile organic compounds are chemical compounds that are emitted as gases from
certain solids or liquid- like fiberglass resins. Volatile organic compounds include a variety of
chemicals, some of which may have short- and long-term adverse health effects (NIH, 2014).
Exposure to these air pollutants has been associated with acute and chronic human health effects.
These effects range from cancer to nervous system malfunction, and respiratory and
cardiovascular disorders (Hamilton, Murray, Kapoor, & Kirkpatrick, 2005)
This research sought to investigate the levels of VOCs in ground-based simulated
spacecraft cabin at NASA Marshal Space Flight Center (MSFC). In conducting this research,
information can be gained that will contribute to reliable methods that allow for testing levels of
VOCs in initially simulated spacecraft, and ultimately actual cabins occupied by astronauts.
Thus, the purpose of this study was to compare two measurement methods (dosimeter badge and
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sorbent tube) and two analysis methods GC/MS using EPA/TO-15 and GC/Gerstel Thermal
Desorption System (GTDP) after chemical cocktail injection.

Review of Literature
One of the main materials that is used in the composition of space modules is fiberglass
(Kirsch, 2013). Space shuttles can be made from various materials that include phenolic resin
and fiberglass, which may emit styrene and possibly, formaldehyde, methyl methacrylate,
alcohols and other VOCs (Guo, Jiang, Hu & Xu, 2012). Exposure to air pollutants such as VOCs
have been associated with acute and chronic human health effects. These effects range from
cancer to nervous system malfunction, and respiratory and cardiovascular disorders (Kampa &
Castanas, 2007).
These aforementioned health effects prompt the careful study and analysis of indoor air
quality in space modules that are occupied by humans. Continual exposure to these VOCs have
adverse short and long term health effects on those exposed; in this case, the international space
station crew members. The International Space Station (ISS) missions, called expeditions,
usually last about six months. There are three to six crew members on board at all times.
(NASA). Overall mortality has been significantly higher for the astronaut group in every analysis
conducted by The Longitudinal Study of Astronaut Health (LSAH) (LSAH, 2004). Data showed
29 deaths among the 312 astronauts in the LSAH database. Accidental deaths, including
spacecraft losses, accounted for 20 of the deaths (versus 2 in the comparison group) (LSAH,
2004). LSAH data suggested increased incidence and earlier appearance of cataracts in
astronauts exposed to higher amounts of space radiation (2004). Updated and expanded analyses
were published in 1998 and 2000; a paper devoted to cataracts in astronauts was published in
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2001. These results, while preliminary because of the use of subjective scoring methods, suggest
that relatively low doses of space radiation are causative of an increased incidence and early
appearance of cataracts where other cataract risk factors were not found to have any association
with cataract risk based on LSAH records (LSAH, 2004).
The mechanisms of cataract formation are not known precisely; however, Cucinnotta et
al., believed that the cataracts may have originated from genetic damage in lens epithelial cells,
including disruptions in cell cycle controls, apoptosis, abnormal differentiation, and cellular
disorganization, or other pathways leading to abnormal lens protein fibers (2001). Fourteen
cases of cancer (excluding 33 cases of non-melanoma skin cancer) were diagnosed among the
312 LASH astronauts followed from 1959 to the present (LASH, 2004). This increase could be
due to immune dysregulation experience in space (Farmer, 2011). The pressure of space affects
the immune system, and astronauts have reported bacterial or viral infections that occurred
during flight or after returning to Earth (Farmer, 2011). The impairment of cell-mediated
immunity could lead to a change in a space travelers’ immune system, showing changes
including redistribution of circulation leukocytes, decrease activity of natural killer cells,
decreased activation of T cells, varying levels of immunoglobulins, as well as other viruscausing changes (Farmer, 2011). All of these changes could lead to autoimmunity, allergies,
infections and even malignant diseases (Farmer, 2011). This is 59 percent higher than the
comparison group per person/year (not statically significant), but 46 lower per person/year than
the SEER (National Cancer Institute’s Surveillance, Epidemiology and End Results) data
(statistically significant) (LASH, 2004).
VOCS are chemicals that can enter the air from solids or liquids emitting as a gas form
and are released over time; in closed quarters, the levels in the air are more concentrated (NY

AIR POLLUTANTS IN SPACE CREW MODULES

DOH, 2013). Humans are exposed to VOCs as they enter into the body through various
pathways; three major pathways being breathing, touching, or swallowing (NY DOH, 2013).
Skin cancer and immune-depression can be linked to VOC exposure, although there are few
studies in this regard. Jahnova, Tulinska, Weissova, Dusinska, & Fuortes, studied the effect of a
VOC, styrene, on the immune system and their analyses revealed elevated levels of most of the
assessed adhesion molecules on surfaces of lymphocytes, monocytes, and granulocytes (2002).
Furthermore, the results showed styrene exposure appears to increase the activation of the
immune system and alter leukocyte adherence (Jannova et al., 2002). According to the
Helmholtz Center for Envionrmental Research (UFZ), VOCs have been shown to influence
immune systems although prominent studies are limited (2014).
According to Chin et al. (2014), many volatile organic VOCs are classified as known or
possible carcinogens, irritants, and toxicants, and VOC exposure has been associated with the
onset and exacerbation of asthma. Chin et al. (2014) noted that while evidence supporting the
role of VOC exposure in asthma exacerbation is limited, their study identifies that VOCs and
emission sources might pose hazards. As the above discussed studies show, there is positive
correlation of immunodepression, to cataracts, cancer and respiratory distresses; which
astronauts may be exposed to. The exposure to VOCs can be affected by various spacecraft
characteristics including: crew size, mission duration and objective, types of material (nonmetallic), and human metabolism (Perry, 2005). Therefore testing of indoor air quality and
analysis of this data may lead to reduced adverse health effects of crew members.
Some of the most common VOCs are styrene, formaldehyde, and methyl methacrylate.
Styrene primarily affects the nervous system and is listed by the National Toxicology Program
(NTP) as “reasonably anticipated to be a human carcinogen” (ATSDR, 2012). The other health
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effects of styrene include changes in vision, lethargy, slowed reaction time, concentration
difficulties, and even balance problems (ATSDR, 2012). Formaldehyde (FA) another VOC is
classified by the U.S. Environmental Protection Agency (EPA) as a probable human carcinogen
under conditions of unusually high or prolonged exposure (EPA, 2000). The major toxic effects
caused by acute formaldehyde exposure via inhalation are eye, nose, and throat irritation and
further effects on the nasal cavity (EPA, 2000). Long-term effects, as studies have noted,
demonstrate statistically significant associations between exposure to formaldehyde and
increased incidence of lung and nasopharyngeal cancer (EPA, 2000). Yet another VOC, methyl
methacrylate, although not considered as carcinogenic by the EPA, is associated with
cardiovascular disorders, reduced lung function, and even degeneration/loss of olfactory
epithelium and nasal turbinates (EPA, 2013). These indoor air pollutants are linked to
degenerative overall health; therefore eliminating them from the air in crew modules is
imperative.
An air pollutant of concern is formaldehyde (FA). OSHA has limited workers' exposure
to an average of 0.75 parts per million (ppm) TWA for an 8-hour workday, 40-hour workweek
(OSHA a, 2012). However minimal risk levels (MRLs), defined as estimated daily human
exposure to a substance that is likely to be without an appreciable risk of adverse effects over a
specified duration of exposure, have been estimated for non-cancerous health effects of
formaldehyde exposure through inhalation (ATSDR, 2010). MRLs for acute duration (14 days or
less), intermediate-duration (15- 364 or more days) and chronic-duration (365 or more days) are
0.04ppm, 0.03ppm, and 0.008 ppm, respectively.
Additional VOCs, including ethanol, isopropanol, and acetaldehyde, have been
determined to pose risk to human health. According to the Iowa Department of Public Health
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(2014), chronic or long-term exposure to lower levels of ethanol and other alcohols can cause
kidney, liver, and heart damage. Exposure to skin can cause redness and irritation but not enough
information exists to classify ethanol and carcinogenic (Iowa Department of Public Health,
2014). OSHA exposure limits for ethanol are TWA (time weighted average) 1000ppm (CDC,
2010a).
Isopropyl alcohol, another alcoholic VOC, exposure can cause irritation to eyes, nose,
and throat; as well as cause dizziness, headache and skin irritation (CDC, 2010b). The OSHA
for isopropyl alcohol exposure limit is TWA 400ppm (CDC, 2010b). Acetaldehyde has been
determined by the CDC as a potential occupational carcinogen (2010c). Effects of acetaldehyde
exposure include irrigation to eyes, nose, and throat, skin burns; central nervous depression, and
even delayed pulmonary edema (CDC, 2010c). The OSHA exposure limit of acetaldehyde is
TWA 200 ppm (CDC, 2010c).
Acetone is a manufactured chemical that is also found naturally in the environment.
Exposure to acetone can happen by breathing low background levels in the environment or
higher levels of contaminated air in the workplace or from using products that contain acetone
(Home-Air-Purifier-Expert) (CDC, 2010d). Exposure symptoms include irritation to eyes, nose,
and throat, headache, dizziness, and central nervous system depression (CDC, 2010d). OSHA
exposure limit for acetone is TWA 1000 ppm (CDC, 2010d).
To determine the reliability of methods used by MSFC and EPA in determination of the
level of indoor air pollutant of space cabins, this is study was designed to compare the two
different methods, EPA TO-15 (GC/MS) and GC/Gerstel Thermal Desorption System, using the
grounded based spacecraft cabin as a chamber in MSFC in Huntsville, Alabama.
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Methods
The EPA Method TO-15 is used for detection of VOCs in most indoor air quality
applications such as odor identification and remedial investigations. EPA Method TO-15 is also
helpful in finding microbial VOCs (mVOCs) that may be found in damp buildings or where
mold investigations are taking place (Daliessio, (2008). Terpenes, ethers, ketones, alcohols,
aldehydes, aromatic and chlorinated hydrocarbons, sulfur-based compounds, and amines are
additional types of VOCs that could be investigated. EPA Method TO-15 is comprehensive and
should be thoroughly reviewed prior to completing air sampling (IAL, 2009). Also, many states
offer their own guidance documents based on EPA Method TO-15, which provide further details
for sampling and analysis. EPA TO-15 is especially designed for air samples to have low
reporting limits.
Special water management techniques are built into the GC/MS to prevent loss of polar
VOCs. Sample canisters are then placed on an auto-sampler, which automatically takes a set
aliquot of sample that the analyst enters into a sequence (IAL, 2009). The aliquot is taken from
the canister through the use of a vacuum pump and is carried to the GC/MS. A highly trained
analyst reviews each sample. TO-15 offers stringent Quality Assurance/Quality Control
(QA/QC) checks, assuring the best data feasible (IAL, 2009).
According to the EPA (2012) mass spectrometry is considered a more definitive
identification technique than single specific detectors such as flame ionization detector (FID),
electron capture detector (ECD), photoionization detector (PID), or a multi-detector arrangement
of these. The use of both gas chromatographic retention time and the generally unique mass
fragmentation patterns reduce the chances for misidentification (EPA, 2012). If a comprehensive
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mass spectral database and a knowledgeable operator support the technique, then the correct
identification and quantification of VOCs is further enhanced (EPA, 2012).
Thermal desorption is a remediation method used to separate contaminated substances
from a solid mixture. This technology uses heat to vaporize the volatile contaminants (Sharma,
& Reddy, 2004). This vapor is then collected into an off gas unit. The GERSTEL system
(Gerstel TDSG) allows the analysis of liquid, solid and air samples (McCreery & Linden, 2013).
Air sampling is conducted via an extraction tool called Twister ™. It enables the Thermal
Desorption Unit (TDU) to determine ultra-trace VOCs in gaseous and aqueous matrices
(McCreery & Linden, 2013). This research of pertinent VOC exposure and VOC analysis
methods literature proved that measuring VOC levels in capsule would be imperative for the
health of astronauts. Thus this served as the base of the research, to determine VOC levels in
ground-based simulated spacecraft cabins. The problem of VOC exposure will be addressed in
this quantitative, descriptive study. This study will collect VOC emissions in ground-based
simulated spacecraft cabins concentrations to determine possible levels in crew modules.
For this study a grounded based spacecraft cabin was used to simulate the environment in
the ISS. In general, the ground-based simulation spacecraft chamber has a volume of 90.6 m3
and is 14 ft in diameter and 23 ft in length. It has steel construction and is bare metal on the
inside. The chamber is outfitted with temperature and humidity control, lighting, and electrical
power and instrumentation feed-through connectors. The chamber is located inside an
environmental enclosure to avoid large air temperature swings that are frequently present in the
North high-bay of Bldg. 4755 on the NASA compound in Huntsville, Alabama. See Figure 1.
For these tests, the chamber was sealed and the ventilation system was operating to get
good mixing of air inside. No humidity control was used. In other words, no water was injected
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or condensed inside of the chamber to control humidity, as this will also remove many watersoluble chemicals from the atmosphere. Within the chamber there is a steel-grating floor. The
dosimeter badges were placed at two separate heights relative to this floor height. There was still
chamber volume under that floor. It houses the main ventilation ducts; estimated as about
another 40 inches of vertical space below the floor. Finally, the pressure inside was kept at 1
mm Hg above local atmospheric pressure to prevent leaking inward from the lab. Two monitor
badges specific for collecting formaldehyde were placed in 50” and 70” from floor for 23 hours
and 25 minutes. On a separate occasion, two dosimeter badges (Formaldehyde and organic full
scan vapor monitor) from Advanced Chemical Sensors, Inc, were placed in 50” and 70” from
floor for 16 hours and 45 minutes to measure the level of more than 100 types of VOCs through
EPA method. One hour after badges were located, 0.87-microliter/min chemical cocktail (a
mixture of Ethanol, Acetone, Isopropanol, and Acetaldehyde) was injected into chamber,
followed by continuous 1 microliter/min injections.
An Agilent 7890 GCMS outfitted with a capillary column was used for as one method, the
GC/Gerstel Thermal Desorption System, for analysis. One liter of chamber atmospheric gas was
passed over a sorbent tube (measured using a mass flow controller) and then this chemical
loaded tube was heated to desorb chemicals to the GC using a Gerstel TDSG system. The
sample gas streams are returned to the chamber in a closed loop to prevent other losses. The
chemicals are then captured a second time using a cryogenic inlet on the GC. This means that
the chemicals desorbed from the sorbent tube are then passed to a glass wool packed tube cooled
with liquid nitrogen. This glass tube then heats to pass these chemicals to the GCMS for
analysis. All the data collected were peak areas from a Flame Ionization Detector. These peak
areas were calibrated by analyzing gas streams of known chemical concentrations.
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Figure 1. Testing Facility Overview- grounded simulation spacecraft cabin.

Results
The dosimeter badges did not detect the hypothesized chemicals like MMA, styrene, toluene,
and phenol. This opens up a new array of chemicals to be tested for, like ethanol, xylene, or
hexamethylcyclotrisiloxane, which the chemical cocktail injection comprised of. In addition, the
meticulous material selection processes NASA conducts to limit chemical off-gassing exposure
was confirmed.
A variance between each set of data analyses was found for those chemical that were
injected. Four common chemicals were chosen for data analysis system comparison: Ethanol,
Acetone, Isopropanol, and Acetaldehyde. One data set has shown a minimal to nonexistent
percent error for isopropanol but was off by 50% for ethanol. The errors were larger for acetone.
Three other levels had a positive deviation and two other levels had a negative deviation from
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predicated values. See Tables 1-3. These deviations are significant because the concentrations of
the various chemicals in the injected cocktail were known. The values obtained from the Gretel
Thermal desorption system validated its accuracy as the values procured system was congruent
with the known concentrations injected. However, this does not discount the TO-15 method, as
there are limitations that could have skewed results.

Table 1. VOC concentrations detected using GC/Gerstel Thermal Desorption System
Gerstel Thermal Desorption
Chemical

ppm

Ethanol

1.91

Acetone

0.19

Isopropanol

0.1

Acetaldehyde

0.18

Table 2. VOC concentrations detected using EPA/TO-15 (GC/MS)
EPA TO-15
Chemical

Concentration (ppm)

Ethanol

0.993

Acetone

0.033

Isopropanol, Isopropyl alcohol

0.03301

Acetaldehyde

Not Detected
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Table 3. Formaldehyde Baseline Levels detected by dosimeter badges.
VOC Baseline

FA Baseline

Concentration (ppm)

Concentration (ppm)

50' 23.25

0.012

70' 0.012

0.012

Limitations
As with any research there were some limitations. One limitation being, the spacecraft
cabin. This cabin although a simulation of that in which astronauts dwell, was completely bare.
On ISS, the cabins contain various machinery, people, and supplies. In addition, a nominal
amount research has been conducted on this particular topic.
Furthermore, the TO-15 refers to air analysis by evacuated grab sample canisters. This
prolongs that processes, increasing the margin for error, because the only way that this could be
possible is if the badges were de-adsorbed into a fixed volume then collection in grab sample
canisters from that volume.
Though using the TO-15 did very well qualitatively in finding the chemicals injected, it is
however a limitation that several of the chemicals injected were not procured by the badges. This
could be due to some sorbent material not being good for all types of chemicals.
Moreover, the lengths of exposure time for the respective badges varied from the badge
specifications. The badges, in addition did not see stagnant air in the chamber. There was some
flow across them from the recirculating fans and ventilation systems in the grounded spacecraft
cabin. The circulating air is maintained to assure well mixing inside the cabin, which can change
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how much the badge is perceived to detect. However, this was expected to skew all chemicals
either higher or lower, so it may not be a dominant error.

Discussion
A variance between each set of data analyses was found. This variance could be due to:
the exposure time of the dosimeter badges, the sorbent material that is used in the badges may
not have work well for some chemicals, or the badges did not see stagnant air while in the
chamber.
As expected, the VOC levels in spacecraft cabins would be of critical importance. Thus
NASA has done extensive testing of the VOC levels existing in ground based simulated
spacecraft cabins and therefore in cabins on the ISS, of the ventilation systems, and even of the
materials used to construct these structures. In addition, ongoing monitoring is conducted
monthly as samples are collected, using dosimeter badges, and returned to the ground for
analysis on crewed flights returning from the ISS (Perry, 2005).
According to Perry, beginning in February of 2001 an increase of FA was seen on the
U.S. On-Orbit Segment (USOS) for the first year. Further this increase in FA reached a peak
between June 2002 and January 2003 that exceeded the 180-day spacecraft maximum allowable
concentration of 0.05% mg/m3 by more than 20% (2005). This highest, ever-reported
concentration was 0.065 mg/m3. However this increase of FA, along with an increase of carbon
dioxide was found to be caused by a blockage in the ISS ventilation system (Perry, 2005).
Further testing and analysis conducted in 2009 found that 25% of the VOCs on the ISS were
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non-methane hydrocarbons, with ethanol yielding 4% (2.12 ppm) and both methanol and
Isopropanol yielding 0.8% (0.61 ppm), all were chemicals included in the chemical cocktail
(Perry, 2009). In this same data set the aldehyde percentage was 7%, with acetaldehyde
comprising 0.33% (0.18). Theses values analyzed from ISS are all congruent with this study’s
values found in using the Gerstel Thermal analysis method, complementary to the known
concentrations of VOC injected into the grounded space cabins. Thus we can see the Gerstel
Thermal Desorption System is very accurate in determining VOC levels in grounded and in used
spacecraft cabins.
The meticulous scrutiny by NASA of the VOC levels is evident of its importance,
particularly in the context of astronaut health directly corresponding to the field of nursing.
Nurses have a key role in environmental health issues not only in typical populations (schools,
hospitals, and communities), but also in atypical populations that require a more creative
approach to assessment. For example, space crews may be exposed to VOCs while living in the
space shuttle but have health effects much later, following space travel.
Nurses are charged with being an advocate to all populations and must vocalize potential
hazards in all work environments. As more research is performed on VOCs and their potential
health effects, nurses will integrate their knowledge regarding VOC exposure and spearhead the
regulation of these compounds. More research needs to be done in this field. Filter systems,
protective equipment, other VOCs and Semivolatile organic compounds (SVOCs), and the
addition of other living creatures, all need to be analyzed and compared for safety purposes.
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Appendix
VOCs detectable using the Advanced Chemical Sensors Inc. Full Scan Monitor (Dosimeter)
Acetone

Ethyl Acetate

Acetonitrile

Ethyl Acrylate

Acrylonitrile

Ethyl Alcohol

Ally Chloride

Ethyl Benzene (Ethyl Benzol)

Alpha-Pinene

Ethyl Ether

1-Butyl Alcohol

Ethyl Methacrylate

2- butanone (MEK)

1-Hexanol

2-Butyl Alcohol

1-Hexyne

Benzene

2-Heptanone

Benzene, 1-Chloro-4(Trifluoromethyl)

Heptane

Benzyl Alcohol

Hexane

Benzyl Chloride

Hexone (MIBK)

Butane

Isobutyl Acetate

1,3-Butadiene

Isobutane

Butyl Acetate

Isooctane

Butyl Cellosolve

Isopropyl Alcohol

Butyl Ether

1-Methyoxy-2propanol

Carbon Tetrachloride

2-Mercaptoethanol

Cellosolve

5-Methyl-2-Hexanone (MIAK)

Chlorobenzene

2-Methylbutane

Chloroform

MEK Oxime

Cyclohexane

Methyl Acetate

Cyclohexanol

Methyl Acrylate

Cyclohexanone

Methylbromide

Cyclohexene

Methyl Chloroform

Diacetone Alcohol

Methyl Methacrylate

1,2 Dichlorobenzene

Methyl Styrene
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1,4-Dichlorobenzene

Methylene Chloride

1,2 Dichloroethane

Methyl-t-butyl Ether

1,2 Dichloromethane

Nonane

Decane

n-Propyl Acetate

Diethylene Glycol Ethyl Ether

n-Propyl Bromide

Diethylene Glycol Monobutyl Ether

Octane

Diethylene Glycol Monobutyl Ether Acetate

2-Pentanone

Dimethyl Fumarate

2-Proopoxy Acetate

Dioxane

1-Pentanol

Dipropyle Glycol Methyl Ether

Pentane

Dodecane

Pentyl Acetate

d-Limonene

1-Methyl-2-Pyrrolidone

2-Ethyl-1-Hexanol

Eucalyptol

2-Ethylhexyl Estee Acetic Acid

Methyleugenol

4-Ethyl Toluene

Bourgeonal

Epichlorohydrin

Perchloroethylene

Styrene

Propyl Benzene

Tetrahydrofuran

Propylene Glycol Methyl Ether Acetate

Toluene (Methylbenzene)

Propylene Oxide

Triacetin

Pyridine

1,1,2 Trichloroethylene

1,1,1-Trichloroethane

1,1,2,2 Tetrachloroethane

Trichloroethylene

1,2,4 Trichlorobenzene

1,2,4-Trimethylbenzene

3-Methylhexane

Undecane

2-Methylhexane

Vinyl Acetate

2,5-Dimethylhexane

Vinyl Chloride

2-Methylpentane

Vinylcyclohexane

3-Methylpentane

Xylene

2,3-Dimethylpentane

Estragole

AIR POLLUTANTS IN SPACE CREW MODULES

26

3,3-Dimethylpentane

Bourgenol

Methylcyclohexane

Anethole

Methylcyclopentane

Camphene

1,2-Dimethylcyclopentane

Methylparacresol

1,2-Dimethylcyclohexane

Furfuryl Alcohol

2-Methylheptane

Estragole

Dimethoxymethane

2-Methyl-1-Butyl Acetate

2-Methyl-1-Propanol

Diacetyl

2-Methyl-2-Propane

2-Hexenal

Methyl t-Butyl Ether

Acetylpropionyl

1-Butanethiol

Isobutyl Isobutyrate

2-Butanethiol

Urethane

Butyl Disulfide

Iosprene

Carbonyl Sulfide

Camphor

Chloromethane

1,2-Dichloroethylene

Dimethyl Sulfide

o-Cymene

t-Butyl Acetate

m-cymene

5-Methyl Sulfide

